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ance glucose sensor having excellent storage stability none dependent glucose dehydrogenase, formed in 

and an improved response characteristic. This sensor contact with or in the vicinity of the electrode system, 

comprises: an electrically insulating base piate; an elec- and the reaction layer contains at least one kind of ad- 

trode system including at least a working electrode and ditive selected from the group consisting of gluconic acid 

a counter electrode formed on the base plate; and a re- and salts thereof. 
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Description 

Technical Field 

[0001 ] The present invention relates to a glucose sen- 5 
sor capable of rapidly and simply quantifying a specific 
component in a sample with high accuracy. More spe- 
cifically, the present invention relates to a glucose sen- 
sor using pyrrolo-quinoline quinone dependent glucose 
dehydrogenase. 

Background Art 

[0002] Conventionally, a variety of biosensors have 
been proposed as a system forsimply quantifying a spe- 
cific component in a sample solution without diluting or 
stirring the sample solution. As one example of the bio- 
sensors, for instance, the following sensor has been 
known (Japanese Laid-Open Patent Publication No. Hei 
2-062952). 

[0003] This biosensor is fabricated by forming an 
electrode system comprising a working electrode, a 
counter electrode and a reference electrode on an elec- 
trically insulating base plate by screen printing or other 
method and forming thereon an enzyme reaction layer 
comprising a hydrophilic polymer, an oxidoreductase 
and an electron acceptor in contact with the electrode 
system. 

[0004] When a sample solution containing a substrate 
is dropped on the enzyme reaction layer of this biosen- 
sor, the enzyme reaction layer is dissolved, and the sub- 
strate and the enzyme react with each other, thereby 
reducing the electron acceptor. Thereafter, the reduced 
electron acceptor is electrochemically oxidized, and the 
concentration of the substrate in the sample solution can 
be determined from an oxidation current value obtained 
in this oxidation. 

[0005] According to the biosensor as mentioned 
above, in theory, it is possible to measure various sub- 
stances by selecting an enzyme whose substrate is a 
substance to be measured. 

[0006] For instance, if glucose oxidase is selected as 
the enzyme, it is possible to fabricate a glucose sensor 
for measuring the concentration of glucose in a sample 
solution. 

[0007] In the biosensor having the structure as men- 
tioned above, the enzyme is normally retained in the 
sensor in a dried state. Since the enzyme is composed 
mainly of protein, if the enzyme is exposed to moisture 
in the air, etc. over a long period, there is a risk of the 
denatu ration of the enzyme. Moreover, in an extreme 
case, there is a risk of the inactivation of the enzyme. 
[0008] For this reason, if the sensor is stored for a long 
time, the enzyme activity is lowered and the amount of 
enzyme that reacts with the substrate becomes insuffi- 
cient, and thus there is a possibility that the resultant 
response current value is not proportional to the con- 
centration of the substrate. 



[0009] Therefore, in order to obtain a biosensor ex- 
celling in the storage stability, it is important to provide 
an environment for retaining the activity of the enzyme 
for a long time in the vicinity of the enzyme. Moreover, 
it is necessary to improve the response of the sensor by 
facilitating smooth movement of the electrons and sub- 
strate during an enzyme reaction. 
[0010] On the other hand, in order to fabricate a high- 
performance glucose sensor, pyrrolo-quinoline quinone 
dependent glucose dehydrogenase (hereinafter re- 
ferred to as the "PQQ-GDH") is used as the enzyme. In 
the glucose sensor using the PQQ-GDH, since oxygen 
is not involved in the catalytic reaction of the PQQ-GDH, 
this sensor has a characteristic that the enzyme reaction 
does not receive any effect of dissolved oxygen in blood, 
etc. Therefore, the measurement value given by this glu- 
cose sensor never varies depending on the oxygen par- 
tial pressure in the sample solution. In other words, it is 
possible to obtain a high-performance sensor. 
[0011] However, in the case where the PQQ-GDH is 
used as the enzyme of the glucose sensor, it has been 
revealed that there is a problem that the response value 
is lowered by storage. This means that the response val- 
ue is lowered as the period of storage of the glucose 
sensor is longer. It is impossible to always use the sen- 
sor at a certain time after the fabrication of the sensor. 
Hence, with a sensor whose response value will be low- 
ered by storage, it is impossible to accurately quantify 
the concentration of glucose. 

[0012] In view of such problems, it is an object of the 
present invention to provide a high-performance glu- 
cose sensor having excellent storage stability and an 
improved response characteristic in an initial stage. 



[0013] A glucose sensor according to the present in- 
vention is a glucose sensor comprising an electrically 
insulating base plate; an electrode system including at 
least a working electrode and a counter electrode 
formed on the base plate; and a reaction layer contain- 
ing at least pyrrolo-quinoline quinone dependent glu- 
cose dehydrogenase, formed in contact with or in the 
vicinity of the electrode system, and is characterized in 
that the reaction layer contains at least one kind of ad- 
ditive selected from the group consisting of gluconic acid 
and salts of gluconic acid. 

[0014] It is preferred that the reaction layer further 
contains at least one kind of additive selected from the 
group consisting of phthalic acid, salts of phthalic acid, 
maleic acid, salts of maleic acid, succinic acid and salts 
of succinic acid. 

[0015] It is preferred that the reaction layer further 
contains calcium ions. 

[0016] It is preferred that the salt of gluconic acid is 
potassium gluconate, sodium gluconate, calcium gluco- 
nate, cobalt gluconate, or copper gluconate. 
[0017] It is preferred that the reaction layer further 
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contains an electron mediator 
Brief Description of Drawings 
[0018] 

FIG. 1 is a perspective view of a glucose sensor ac- 
cording to one example of the present invention, 
omitting a reaction layer. 

FIG. 2 is a vertical cross-sectional view of the vital 
part of the glucose sensor shown in FIG. 1 . 
FIG. 3 is a graph showing the response character- 
istics of a glucose sensor of Comparative Example 
1. 

FIG. 4 is a graph showing the response character- 
istics of a glucose sensor of Example 1 of the 
present invention. 

FIG. 5 is a graph showing the response character- 
istics of the glucose sensor of Example 1 and glu- 
cose sensor of Comparative Example 1 before stor- 
age. 

FIG. 6 is a graph showing the response character- 
istics of a glucose sensor of Example 2 of the 
present invention. 

FIG. 7 is a graph showing the response character- 
istics of the glucose sensor of Example 2 and glu- 
cose sensor of Comparative Example 1 before stor- 
age. 

FIG. 8 is a graph showing the response character- 
istics of a glucose sensor of Example 3 of the 
present invention. 

FIG. 9 is a graph showing the response character- 
istics of the glucose sensor of Example 3 and glu- 
cose sensor of Comparative Example 1 before stor- 
age. 

FIG. 1 0 is a graph showing the response character- 
istics of a glucose sensor of Example 4 of the 
present invention. 

FIG. 1 1 is a graph showing the response character- 
istics of the glucose sensor of Example 4 and glu- 
cose sensor of Comparative Example 1 before stor- 
age. 

FIG. 12 is a graph showing the response character- 
istics of a glucose sensor of Example 5 of the 
present invention. 

Best Mode for Carrying Out the Invention 

[0019] As described above, a glucose sensor of the 
present invention is obtained by adding gluconic acid 
and/or a salt thereof to a reaction layer containing the 
PQQ-GDH as an enzyme. 

[0020] The present inventors have found that the stor- 
age stability of the sensor can be significantly improved 
by adding gluconic acid and/or a salt thereof to the re- 
action layer containing the PQQ-GDH. It is deemed that 
gluconic acid and/or the salt thereof protects the PQQ- 
GDH from changes in the environment such as the con- 



ditions of temperature, humidity and charge, thereby im- 
proving the storage stability. In order to enhance such 
an effect, it is preferred to form the reaction layer by a 
method in which a mixed solution of gluconic acid and/ 

s or a salt thereof and the PQQ-GDH is dropped to a place 
where the reaction layer is to be formed and then dried. 
When the reaction layer is formed according to this 
method, since the enzyme is surrounded by gluconic ac- 
id at a molecular level, it is possible to effectively protect 

10 the PQQ-GDH from changes in the environment such 
as the conditions of temperature, humidity and charge. 
As a result, the activity of the enzyme can be stabilized 
for a long time. 

[0021] The present inventors have further found that 

15 the response characteristic of the sensor before stor- 
age, i.e., the initial characteristic, is improved by adding 
gluconic acid and/or a salt thereof to the reaction layer 
containing the PQQ-GDH. Since gluconic acid or the 
salt thereof is easily dissolved in water, if it is contained 

20 in the reaction layer, when a sample solution is added 
to the reaction layer, the reaction layer is immediately 
dissolved in the sample solution, and thus the enzyme 
reaction and the electrode reaction can proceed 
smoothly, which is advantageous. 

25 [0022] Examples of additives which are expected to 
produce these effects include potassium gluconate, so- 
dium gluconate, calcium gluconate, cobalt gluconate 
and copper gluconate as well as gluconic acid. In par- 
ticular, when potassium gluconate is used, it is possible 

30 to obtain a glucose sensor having excellent storage sta- 
bility and response characteristic and a very low blank 
value. Here, the blank value is a sensor response value 
obtained by the use of a sample solution containing no 
glucose as a substrate, for example, water. 

35 [0023] Although phthalic acid, maleic acid, succinic 
acid and the salts thereof are not as good as gluconic 
acid and salts of gluconic acid when used alone, since 
they have an effect of protecting the PQQ-GDH, if they 
are added together with gluconic acid or a slat thereof, 

40 it is possible to further improve the storage stability of 
the sensor by the synergistic effect. Besides, since 
phthalic acid, maleic acid, succinic acid and the salts 
thereof are easily dissolved in water, if they are con- 
tained in the reaction layer, when the sample solution is 

45 added to the reaction layer, the reaction layer is imme- 
diately dissolved in the sample solution and the enzyme 
reaction and electrode reaction can proceed smoothly, 
thereby improving the initial characteristic. 
[0024] Phthalic acid, maleic acid, succinic acid and 

50 the salts thereof are all compounds that can be used as 
a buffer, and may be added to the reagent for forming 
the reaction layer by adjusting them to a predetermined 
pH with acid such as hydrochloric acid and acetic acid 
or alkali such as NaOH and KOH, if necessary. A suita- 

55 ble pH is between 5.0 and 8.5. Of course, compounds 
obtained by adding these additives to other buffer may 
be used. 

[0025] Since gluconic acid, phthalic acid, maleic acid, 
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succinic acid and the salts thereof are compounds that 
easily absorb moisture, they should be added during the 
fabrication of a glucose sensor so that they first come 
into contact with the enzyme during the fabrication of 
the glucose sensor, instead of adding them to the en- 
zyme in advance. It is preferred that glucose sensors 
containing these additives are stored in a sealed state. 
When storing the glucose sensor, it is preferred to store 
it in a sealed container containing therein a moisture ab- 
sorbent such as silica gel. 

[0026] In a disposable type sensor for measuring 0.5 
to 5 \x\ blood as a sample solution, for the amount of 
enzyme of 0.2 to 20 U/sensor, the amount of gluconic 
acid or a salt thereof should be within a range of 1 .5 to 
1 50 jxg/sensor, and is preferably between 1 5 and 50 jxg/ 
sensor from the viewpoint of the storage stability and a 
reduction of the blank value. Meanwhile, for the above- 
mentioned sensor, the amount of phthalic acid, maleic 
acid, succinic acid and the salts thereof to be added is 
preferably between 0.025 and 25 |xg/sensor, and more 
preferably between 0.1 and 3 jig/sensor. Here, U repre- 
sents unit. 

[0027] An example of other preferable additive is cal- 
cium chloride that gives calcium ions. In general, calci- 
um ions are necessary when the PQQ-GDH forms a 
dimer. Therefore, when calcium ions are introduced into 
the reagent for forming the reaction layer by calcium 
chloride, etc., it is possible to prevent dissociation of the 
PQQ-GDH to a dimer during or after the fabrication of 
the sensor, and therefore the calcium ions are useful for 
retaining the activity of PQQ-GDH. The amount of cal- 
cium chloride to be added with respect to the above- 
mentioned sensor is preferably between 5 and 70 ng 
(nanogram)/sensor. 

[0028] It is preferred that the reaction layer of the bi- 
osensor of the present invention contains an electron 
mediator which is reduced with the enzyme reaction. For 
this electron mediator, it is possible to use potassium 
ferricyanide, p-benzoquinone and derivatives thereof, 
phenazine methosulphate, methylene blue, ferrocene 
and derivatives thereof. 

[0029] The reaction layer of the biosensor of the 
present invention may contain a hydrophilic polymer. By 
adding a hydrophilic polymer to the reaction layer, it is 
possible to prevent separation of the reaction layer from 
the electrode system surface or the base plate surface. 
Moreover, since the hydrophilic polymer has the effect 
of preventing cracks in the reaction layer surface, it is 
effective for an increase of the reliability of the biosen- 
sor. 

[0030] As such a hydrophilic polymer, it is possible to 
suitably use carboxymethyl cellulose, hydroxyethyl cel- 
lulose, hydroxypropyi cellulose, methyl cellulose, ethyl 
cellulose, ethyl hydroxyethyl cellulose, carboxyethyl cel- 
lulose, polyvinyl pyrrolidone, polyvinyl alcohol, polyami- 
no acid such as polylysine, polystyrene sulphonate, gel- 
atin and derivatives thereof, polymers of acrylic acid and 
salts thereof, polymers of methacrylic acid and salts 



thereof, starch and derivatives thereof, polymers of 
maleic anhydride and salts thereof, agarose gel and de- 
rivatives thereof. 

[0031] The reaction layer in the biosensor may be 

5 placed at various positions as well as on the electrode 
system formed on the electrically insulating base plate 
if it does not impair the effects of the present invention. 
For example, it is possible to place the reaction layer at 
a position other than on the electrode system of the base 

10 plate. Moreover, the biosensor preferably includes a 
cover member. This cover member is combined with the 
base plate to form a sample solution supply path be- 
tween the cover member and the base plate, for supply- 
ing the sample solution to the electrode system. It is pos- 

15 sible to position the reaction layer on this cover mem- 
ber's face exposed to the sample solution supply path. 
[0032] As the method for measuring a current for ox- 
idizing the electron mediator reduced with the enzyme 
reaction, there are two types of methods: a two-elec- 

20 trode method using only a working electrode and a 
counter electrode; and a three-electrode method further 
comprising a reference electrode, and the three-elec- 
trode method enables more accurate measurement. 
[0033] Here, for the reaction layer of the biosensor of 

25 the present invention, in addition to the above-men- 
tioned additives, it is possible to add other stabilizer un- 
less it impairs the effects of the present invention. Ex- 
amples of such a stabilizer include metallic salts, pro- 
teins, amino acids, sugars, organic acids, and surface 

30 active agents. 

[0034] Examples of metallic salt include halides such 
as strontium and manganese, the sulfates and nitrites 
thereof. Preferred proteins are ones that do not affect 
the enzyme activity, and examples of such proteins in- 

35 elude bovine serum albumin (BSA), egg albumin, and 
gelatin. 

[0035] As the amino acid, it is possible to use glycylg- 
lycine, polylysine, etc. as well as typical amino acids 
such as lysine, histidine and glutamic acid. Among 

40 them, highly water-soluble amino acids are preferable. 
[0036] As the sugar, it is possible to use any kinds of 
sugars, such as monosaccharide, disaccharide, oli- 
gosaccharide and polysaccharide. It is also possible to 
use their derivatives. More specifically, examples of 

45 sugars include glucose, fructose, galactose, mannose, 
xylose, sucrose, lactose, maltose, trehalose, maltotri- 
ose, maltocylcyclodextrin, oc-cyclodextrin, p-cyclodex- 
trin, y-cyclodextrin, dextrin, amy lose, glycogen, starch, 
inulin, glucosamine, inositol, mannitol, sorbitol, ribitol 

50 and deoxyglucose. 

[0037] Examples of the organic acid include oc-ketogl- 
utaric acid, malic acid, fumaric acid, cholic acid, and de- 
oxycholic acid. 

[0038] As the surface active agent, it is preferred to 
55 use a non ionic surface active agent. 

[0039] In addition, boric acid, borax, potassium chlo- 
ride, sodium chloride, ammonium sulfate, glycerol, Fi- 
coll, EDTA, EGTA, DTT, DTE, GSH, 2-mercaptoethanol, 
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etc. may be added. 

[0040] The amount of these stabilizers to be added is 
preferably between 0.01 and 1 00 parts by weight based 
on 1 00 parts by weight of the PQQ-GDH. 
[0041] In order to prevent pyrrolo-quinoline quinone 
(PQQ) as a coenzyme from being separated from the 
PQQ-GDH, PQQ may be added to the reaction layer. 
The amount of PQQ to be added is preferably between 
0.04 and 20 ng/sensor. 

[0042] As the enzyme PQQ-GDH for use in the 
present invention, it is possible to use PQQ-GDH from 
any source. 

[0043] The glucose sensor using the PQQ-GDH of the 
present invention that contains the above-mentioned 
additives and f urther contains the above-mentioned sta- 
bilizers, if necessary, can retain its performance at low 
costs without viciously affecting the basic performance 
of the enzyme. 

[0044] Some examples will be used to explain the 
present invention, but the present invention is not nec- 
essarily limited to only these examples. 
[0045] FIG. 1 is an exploded perspective view of a bi- 
osensor according to one example of the present inven- 
tion, omitting the reaction layer. A silver paste is printed 
on an electrically insulating base plate 1 made of poly- 
ethylene terephthalate by screen printing to form leads 
2 and 3. Subsequently, a conductive carbon paste con- 
taining a resin binder is printed on the base plate 1 to 
form a working electrode 4. This working electrode 4 is 
in contact with the lead 2. Further, an insulating paste 
is printed on the base plate 1 to form an insulating layer 
6. The insulating layer 6 covers the peripheral portion of 
the working electrode 4, so that the area of the exposed 
portion of the working electrode 4 is kept constant Next, 
a ring-shaped counter electrode 5 is formed by printing 
a conductive carbon paste containing a resin binder on 
the base plate 1 so as to be in contact with the lead 3. 
[0046] After forming a reaction layer on the insulating 
base plate 1 in a later-described manner, a spacer 8 in- 
cluding a slit 1 0 and a cover 9 having an air bent 1 1 are 
adhered to each other in a positional relationship as 
shown by the dashed lines of FIG. 1 , thereby fabricating 
the biosensor. A sample solution supply path is formed 
in the portion of the slit 1 0 of the spacer 8. The open end 
of the slit 10 at an end portion of the sensor serves as 
the sample supply port to the sample solution supply 
path. 

[0047] FIG. 2 is a vertical cross sectional view of the 
biosensor of the present invention. A reaction layer 7 
containing an enzyme and an electron mediator is 
formed on the base plate 1 on which the electrode sys- 
tem is formed. The reaction layer 7 is preferably formed 
on the electrode system, but it may be formed in the vi- 
cinity of the electrode system, for example, on the cover 
side so that it is exposed to the sample solution supply 
path. In the illustrated example, the reaction layer 7 is 
composed of a hydrophilic polymer layer 7a and a layer 
7b which contains the PQQ-GDH and additives and is 



formed on the hydrophilic polymer layer 7a. 

Comparative Example 1 

5 [0048] 5 jil of a 0.5 wt% aqueous solution of sodium 
salt of carboxymethyl cellulose (hereinafter abbreviated 
to "CMC") as a hydrophilic polymer was dropped onto 
the electrode system of the base plate 1 of FIG. 1 and 
dried in a 50°C hot-air drier for 10 minutes to form a 
w CMC layer 7a. Subsequently, 5 |il of a mixed aqueous 
solution containing 1 000 U/ml of PQQ-GDH and 50 mM 
of potassium ferricyanide was dropped onto the CMC 
layer 7a and dried to form a layer 7b. A glucose sensor 
was fabricated in such a manner. 
15 [0049] Next, as a sample solution, blood conditioned 
to have a glucose concentration of 30 to 620 mg/dl was 
prepared. Then, this sample solution was dropped onto 
the reaction layer 7. When the sampie solution contain- 
ing glucose is supplied to the reaction layer, glucose in 
20 the sample is oxidized by the PQQ-GDH. Then, at the 
same time as the oxidation, potassium ferricyanide in 
the reaction layer is reduced to potassium ferrocyanide. 
Here, 30 seconds after the dropping of the sample so- 
lution, a voltage of +0.5 V was applied to the working 
25 electrode 4 on the basis of the counter electrode 5 so 
as to oxidize potassium ferrocyanide. Then, 5 seconds 
later, the value of a current flowing across the counter 
electrode and the working electrode was measured. 
[0050] The current value was measured for blood 
30 conditioned for a variety of glucose concentrations, and 
the response characteristic graph of the sensor was pro- 
duced by plotting the glucose concentration in the hori- 
zontal axis and the current value in the vertical axis. The 
results are shown by the solid line in FIG. 3. 
35 [0051] A biosensor fabricated in the same manner 
was placed in a sealed container containing silica gel as 
a moisture absorbent and stored for one week at 40°C, 
and then the response characteristic graph of this bio- 
sensor was produced. The results are shown by thedot- 
40 ted line in FIG. 3. 

[0052] It would be understood from FIG. 3 that there 
is a certain correlation between the glucose concentra- 
tion and the response current value. However, it would 
be understood that the response characteristic of the 
45 sensor stored for one week at 40°C was lowered in com- 
parison with the sensor immediately after the fabrica- 
tion, i.e., before storage. 

Example 1 

50 

[0053] After forming the CMC layer 7a in the same 
manner as in Comparative Example 1, 5 jjlI of a mixed 
aqueous solution containing 1000 U/m! of PQQ-GDH, 
50 mM of potassium ferricyanide and 40 mM of potas- 
55 sium gluconate was dropped onto the CMC layer 7a and 
dried to form the layer 7b. A glucose sensor was fabri- 
cated in such a manner. 

[0054] Next, in the same manner as in Comparative 
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Example 1 , the response characteristic graph was pro- 
duced for the sensor immediately after the fabrication 
and the sensor after being stored in a sealed container 
containing silica gel for one week at 40°C. The results 
are shown in FIG. 4. It would be understood from FIG. 
4 that there is a certain correlation between the glucose 
concentration and the response current value. It would 
be understood by a comparison with Comparative Ex- 
ample 1 that the sensor of this example had a smaller 
lowering in the response current value in the response 
after the one-week storage at 40°C, particularly in a 
range of not less than 400 mg/dl. Hence, it would be 
understood that the storage characteristic of the glucose 
sensor is significantly improved by the addition of potas- 
sium gluconate. 

[0055] FIG. 5 shows a comparison of the response 
characteristics before storage between the sensor of 
Comparative Example 1 containing no potassium glu- 
conate and the sensor of this example containing potas- 
sium gluconate. It is seen from FIG. 5 that the glucose 
sensor containing potassium gluconate has higher re- 
sponse values in the vicinity of 600 mg/dl than the glu- 
cose sensorcontaining no potassium gluconate. Hence, 
it would be understood that it is possible to improve the 
response characteristic of the glucose sensor in a high- 
concentration range by the addition of potassium gluco- 
nate. 

Example 2 

[0056] After forming the CMC layer 7a in the same 
manner as in Comparative Example 1 , 5 jxl of a mixed 
aqueous solution containing 1000 U/ml of PQQ-GDH, 
50 mM of potassium ferricyanide, 40 mM of potassium 
gluconate and 0.5 mM of potassium hydrogen phthalate 
was dropped onto the CMC layer 7a and dried to form 
the layer 7b. A glucose sensor was fabricated in such a 
manner. 

[0057] In the same manner as in Comparative Exam- 
ple 1 , the response characteristic graph was produced 
for the sensor immediately after the fabrication and the 
sensor after being stored in a sealed container contain- 
ing silica gel for one week at 40°C. The results are 
shown in FIG. 6. It would be understood from FIG. 6 that 
there is almost no difference in the response character- 
istics between the sensor immediately after the fabrica- 
tion and the sensor after the one week storage at 40°C, 
and the storage characteristic of the sensor of this ex- 
ample is significantly improved in comparison with Com- 
parative Example 1 . 

[0058] FIG. 7 shows a comparison of the response 
characteristics before storage between the sensor of 
Comparative Example 1 containing no potassium glu- 
conate and the sensor of this example containing potas- 
sium gluconate and potassium hydrogen phthalate. It is 
seen from FIG. 7 that the glucose sensor containing po- 
tassium gluconate and potassium hydrogen phthalate 
has higher response values in the vicinity of 600 mg/dl 



compared with the glucose sensor of Comparative Ex- 
ample 1 . Hence, it would be understood that it is possi- 
ble to improve the response characteristic of the glucose 
sensor in a high-concentration range by the addition of 
5 potassium gluconate and potassium hydrogen phtha- 
late. 

Example 3 

10 [0059] After forming the CMC layer 7a in the same 
manner as in Comparative Example 1 , 5 uJ of a mixed 
aqueous solution containing 1000 U/ml of PQQ-GDH, 
50 mM of potassium ferricyanide, 40 mM of potassium 
gluconate and 0.5 mM of maleic acid was dropped onto 

15 the CMC layer 7a and dried to form the layer 7b. A glu- 
cose sensor was fabricated in such a manner. 
[0060] In the same manner as in Comparative Exam- 
ple 1 , the response characteristic graph was produced 
for the sensor immediately after the fabrication and the 

20 sensor after being stored in a sealed container contain- 
ing silica gel for one week at 40°C. The results are 
shown in FIG. 8. It would be understood from FIG. 8 that 
there is almost no difference in the response character- 
istics between the sensor immediately after the fabrica- 

25 tion and the sensor after the one-week storage at 40°C, 
and the storage characteristic of the sensor of this ex- 
ample is improved in comparison with Comparative Ex- 
ample 1 . 

[0061] FIG. 9 shows a comparison of the response 
30 characteristics before storage between the sensor of 
Comparative Example 1 containing no potassium glu- 
conate and the sensor of this example containing potas- 
sium gluconate and maleic acid. It is seen from FIG. 9 
that the glucose sensor containing potassium gluconate 
35 and maleic acid has higher response values in the vi- 
cinity of 600 mg/dl. Hence, it would be understood that 
it is possible to improve the response characteristic of 
the glucose sensor in a high-concentration range by the 
addition of potassium gluconate and maleic acid. 

40 

Example 4 

[0062] After forming the CMC layer 7a in the same 
manner as in Comparative Example 1 , 5 u,l of a mixed 

45 aqueous solution containing 1000 U/ml of PQQ-GDH, 
50 mM of potassium ferricyanide, 40 mM of potassium 
gluconate and 0.5 mM of succinic acid was dropped on- 
to the CMC layer 7a and dried to form the layer 7b. A 
glucose sensor was fabricated in such a manner. 

so [0063] In the same manner as in Comparative Exam- 
ple 1 , the response characteristic graph was produced 
for the sensor immediately after the fabrication and the 
sensor after being stored in a sealed container contain- 
ing silica gel for one week at 40°C. The results are 

55 shown in FIG. 10. It would be understood from FIG. 10 
that there is almost no difference in the response char- 
acteristics between the sensor immediately after the 
fabrication and the sensor after the one-week storage 
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at 40°C, and the storage characteristic of the sensor of 
this example is improved in comparison with Compara- 
tive Example 1 . 

[0064] FIG. 11 shows a comparison of the response 
characteristics before storage between the sensor of 
Comparative Example 1 and the sensor of th is example 
containing potassium gluconate and succinic acid. It is 
seen from FIG. 11 that the glucose sensor containing 
potassium gluconate and succinic acid has higher re- 
sponse values in the vicinity of 600 mg/dl. Hence, it 
would be understood that it is possible to improve the 
response characteristic of the glucose sensor in a high- 
concentration range by the addition of potassium gluco- 
nate and succinic acid. 

Example 5 

[0065] After forming the CMC layer 7a in the same 
manner as in Comparative Example 1 , 5 uJ of a mixed 
aqueous solution containing 1000 U/ml of PQQ-GDH, 
50 mM of potassium ferricyanide, 40 mM of potassium 
gluconate, 0.5 mM of potassium hydrogen phthalate 
and 75 U.M of calcium chloride was dropped onto the 
CMC layer 7a and dried to form the layer 7b. A glucose 
sensor was fabricated in such a manner. 
[0066] In the same manner as in Comparative Exam- 
ple 1 , the response characteristic graph was produced 
for the sensor immediately after the fabrication and the 
sensor after being stored in a sealed container contain- 
ing silica gel for one week at 40° C. The results are 
shown in FIG. 12. It would be understood from FIG. 12 
that there is almost no difference in the response char- 
acteristics between the sensor immediately after the 
fabrication and the sensor after the one-week storage 
at 45°C, and the storage characteristic of the sensor of 
this example is superior under a high-temperature stor- 
age condition, that is, one-week storage at 45°C. 



2. The glucose sensor as set forth in claim 1 , wherein 
said reaction layer further contains at least one kind 
of additive selected from the group consisting of 
phthalic acid, salts of phthalic acid, maleic acid, 

5 salts of maleic acid, succinic acid and salts of suc- 
cinic acid. 

3. The glucose sensor as set forth in claim 1 or 2, 
wherein said reaction layerfurther contains calcium 

10 ions. 

4. The glucose sensor as set forth in any one of claims 
1 through 3, wherein said salt of gluconic acid is po- 
tassium gluconate, sodium gluconate, calcium glu- 

15 conate, cobalt gluconate, or copper gluconate. 

5. The glucose sensor as set forth in any one of claims 
1 through 4, wherein said reaction layer further con- 
tains an electron mediator. 

20 



25 



30 



35 



Industrial Applicability 

40 

[0067] According to the present invention, as de- 
scribed above, it is possible to obtain a high-perform- 
ance glucose sensor having excellent storage stability 
and an improved response characteristic. 

45 



Claims 

1. A glucose sensor comprising: an electrically insu- 
lating base plate; an electrode system including at so 
least a working electrode and a counter electrode 
formed on said base plate; and a reaction layer con- 
taining at least pyrrolo-quinoline quinone depend- 
ent glucose dehydrogenase, formed in contact with 
or in the vicinity of said electrode system, wherein 55 
said reaction layer contains at least one kind of ad- 
ditive selected from the group consisting of gluconic 
acid and salts thereof. 
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FIG.1 
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FIG. 3 
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FIG.5 
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FIG.7 
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FIG.11 
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